Manometria esofagiană cu rezoluţie înaltă este actual investigaţia gold-standard în diagnosticul acalaziei şi a bolilor esofagiene funcţionale. Această examinare este întotdeauna precedată de endoscopia digestivă superioară, care are scopul de a face diagnosticul diferenţial al acalaziei cu pseudoacalazia (formaţiuni tumorale de fornix gastric/esofag distal). La momentul actual, nu există tratament curativ pentru acalazie. Însă, cele 3 subtipuri de acalazie (conform clasificării Chicago) au răspuns diferit în ceea ce priveşte eficacitatea în tratamentului ales. Astfel, comparativ cu tipurile I şi III, tipul II de acalazie are cel mai bun răspuns la intervenţiile terapeutice invazive (dilatare pneumatică sau cardiomiotomie Heller). În schimb, în tipul III cardiomiotomia Heller este de ales ca prima abordare terapeutică. Miotomia endoscopică perorală (POEM) este o tehnică relativ recentă, care necesită însă studii pe termen lung în ceea ce priveşte siguranţa şi eficacitatea. Articolul prezent îşi propune să prezinte variantele actuale de tratament ale acalaziei, comparându-le pe baza eficacităţii şi siguranţei pe termen scurt şi lung, subliniind de asemenea rolul manometriei cu rezoluţie înaltă în diagnosticul, alegerea metodei terapeutice şi prognosticul acestor pacienţi. 
Introduction
High-resolution manometry (HRM) was introduced in 1990 by Ray Clouse and Geoff Hebbard and is currently the gold standard for assessing esophageal motility and diagnosis of motility disorders (1, 2) . The technique has gradually replaced conventional manometry, having over the following improvements: increased number of pressure sensors with shorter spacing between (1 cm) allowing a complete depiction of esophageal motor function from upper esophageal sphincter (UES) to lower esophageal sphincter (LES); the visual display simplifies the correct positioning of the catheter (3); significantly shorter procedure time, faster learning curve, more objective interpretation with better interobserver and intraobserver agreement (4) (5) (6) (7) For a correct measurement, a baseline gastric pressure must be recorded. In order to do this, EGJ must be passed and the distal tip of the catheter positioned in the gastric cavity before starting the study. Esogastric junction (EGJ) is easier to locate with HRM,which also permits to verify if the catheter entered the stomach based on the variation of pressure in thorax and abdomen during respiration (8) .
HRM has an important role in diagnosing and classification of esophageal motility disorders once the organic diseases have been excluded on endoscopy (benign or malignant stenosis, eospinophilic esophagitis, etc). Combining the pattern of esophageal peristaltis with the behaviour of LES during each swallow, the Chicago classification v3.0 defines achalasia, aperistaltis, distal esophageal spasm and jackhammer esophagus as major disorders (can never be seen in normal individuals), while ineffective motility (IEM) and fragmented peristaltis are considered minor disorders, (abnormal patterns, which can be found in asymptomatic individuals) (9) .
The precise identification of EGJ and its proximal/distal limits with HRM explains also the role of the techinque prior to pH monitoring, where a correct positioning of the ph-sensor in the esophagus (5 cm proximal to LES) is mandatory (10) .
Achalasia
Achalasia is a rare primary esophageal motor disorder characterized by the absence of peristalsis and impaired relaxation of LES, resulting in alteration of bolus transport and food stasis in the esophagus (11, 12) .
The etiology is unknown, although autoimmune, viral immune, or neurodegenerative causes may be considered triggers of the disease. The end result is a degeneration of ganglion cells in the myenteric plexus of the esophageal body and the LES, creating an imbalance between the excitatory and inhibitory neurons (11) (12) (13) (14) .
Achalasia has no racial or gender predilection, the peak incidence being between 30 and 60 years (14) .
Patients usually presen with one or more of the following symptoms: long history of dysphagia for both solids and liquids, regurgitation of saliva or undigested food, chest pain, weight loss, heartburn or nocturnal cough (14) . Heartburn and nocturnal cough can initially lead to a diagnosis of gastroesophageal reflux disease (GERD). Chest pain is the most refractory and difficult to treat symptom, as opposed to dysphagia and regurgitation which usually respond to treatment (15) . The Eckardt score grades the 4 most frequent symptoms (dysphagia, chest pain, regurgitation,weight loss) based on their frequence of occurence (each meal, daily,weekly or never). It is used in clinical practice for the evaluation of symptoms' severity at baseline and also for establishing the efficacy of achalasia treatment. Before HRM era, a symptom score of 0-1 corresponded to clinical stage 0, a score of 2-3 to stage I, a score of 4-6 to stage II, and a score >6 to stage III. Stages 0 and I indicated remission of the diseass, while stages II and III represented failure of treatment (15, 16) . The role of Eckhardt score in the evaluation of treatment efficacy significantly decreased during the last years, being replaced by more objective HR manometric parameters (14, 15) .
Diagnosis
The first diagnostic step is to exclude a benign or malignant obstruction using endoscopy, with careful examination of the EGJ and gastric cardia on retroflexed view, as they can mimic achalasia both clinically and manometricall (17) (18) (19) . In patients with dysphagia, esophageal biopsies are generally recommended in order to rule out eosinophilic esophagitis. However, it is not uncommon to find an increased number of eosinophils in patients with achalasia secondary to inflammatory process related to stasis (20, 21) . More than that, motility disorders may be found in up to 25% patients with eosinophilic esophagitis, ineffective esophageal motility being the most common finding (22) . In achalasia, endoscopy may reveal a dilated esophagus, with retained food or saliva or/and a rosette appearance of the EGJ with mild resistance to scope passage into the stomach. Also, due to stasis, a large number of patients with achalasia also associate esophageal candidiasis, an entity that is very important to detect and treat before any therapeutic intervention for achalasia is applied, as it can be associated with a higher risk of complication if left untreated (18) .
The classical appearance of achalasia on Barium studies is with "bird beak" aspect of EGJ, varying degrees of esophageal dilation up to sigmoid esophagus, an air-fluid level or absence of the gastric air bubble (23) .
The assessment of esophageal motor function is essential in the diagnosis of achalasia. Barium esophagram and endoscopy are only complementary tests, and in early stages, these may be completely normal (18, 23) .
The manometric findings of aperistalsis and incomplete LES relaxation strongly sustains a diagnosis of achalasia .The presence of only one of these findings is rare in achalasia, but have also been described, mostly in pre-HRM era (24) (25) (26) (27) . Aperistalsis can present with different pressure patterns, such as a quiescent esophageal body (type I), isobaric pan-esophageal pressurization (type II), and spastic contractions (type III) (26) .
Treatment
Because the pathogenesis is incompletely understood, all the available therapeutic options have only a palliative effect, and not a curative intent in achalasia. The common purpose is to abolish the EGJ pressure in order to improve esophageal emptying, relieve the primary symptoms of dysphagia and regurgitation, and prevent the development of megaesophagus.
The current standard of care include endos-copic pneumatic dilation or myotomy across LES, which can be performed either endoscopically (POEM) or surgically (laparoscopic Heller myotomy (LHM). None of these interventions can significantly improve esophageal peristaltis. Moreover, LES hypertonicity returns overtime, requiring repeated procedures (12) .
Pharmacological Approach
Pharmacological approach with nitrates or calcium channel blockers is considered the least effective option and has a minor role in the treatment of esophageal achalasia. The drug tachifilaxia develops rapidly, so the clinical response is not only incomplete but also short in duration. Other limiting factor in their use is given by the associated side-effects, such as headache, hypotension and leg edema. Thus, pharmacological treatment is reserved for patients who are not able or refuse to undergo other more invasive therapies and for those in whom Botox has failed (12) .
Endoscopic Injection of Botox
Endoscopic injection of Botox into the LES has an initial succes rate in controlling symptoms of 75 %, associated adverse effects are rare and in general minor in severity (reflux symptoms, abdominal pain). However, the action only persist for 3 to 4 months, half of patients relapse and need reintervention at 6-24 months after the first injection, thus limiting the use in clinical practice. There is some evidence that repeated injections could affect the subsequent surgical miotomy, thus the use of Botox should be reserved to elderly patients or patients with associated pathology who have contraindications for endoscopic dilation or miotomy (28) (29) (30) .
In Romania the injection of Botox is not reimbursed so the procedure has also the disadvantage of being highly expensive.
Patients with type II achalasia proved a prolongued clincal effect of Botox injection, compared with type I and III, but this may be a characteristic of this type of achalasia, as type II patients have the best response rates at all therapies (Botox, pneumatic dilation, miotomy). When comparing the initial symptomatic relief after Botox injection with the one after PD or LHM, 5 randomized studies have shown a similar effect, but a fastter loss of response in patients treated with Botox (30) (31) (32) (33) .
Pneumatic Dilation
Pneumatic dilation (PD) is an effective nonsurgical treatment for achalasia (34) . The procedure is performed under sedation and fluoroscopic guidance. The balloon is endoscopically placed across the LES , then gradually inflated to 6-12 psi with the aim of maintaining this pressure for approximately 15-60 sec (35) . The balloons are available in three diameters: 30, 35 and 40 mm. The initial approach uses a 30 mm balloon, subsequent dilations being scheduled on the basis of clinical symptom relief (Eckardt symptom score) or manometric parameters improvement (IRP-LES) (36) (37) (38) (39) (40) . Repeated dilations with a greater ballon diameter should be performed in patients who maintained a symptom-score of > 3, if IRP LES pressure decreased less than 50% of the baseline pre-PD value, or if the IRP LES pressure is greater 10 mmHg at first follow up visit. The timing of the first follow up visit after PD is variable in the literature, being usually scheduled after 4-12 weeks. A 3-mo posttreatment LES pressure above 10 mmHg was associated with 5-and 10-year symptom recurrence rates of 25% and 33%, respectively (36).
Gheorghe C et al also showed that patients with elevated LES pressure, short LES and wide esophagus should be considered as primary surgical candidates. To note, the study evaluated only the short time (3 months) response rate, so further studies are needed in romanian patients with achalasia (37) .
We may consider that a high initial LES pressure (> 15-30 mmHg) or a reduction of LES pressure less than 50 % after the first dilation are predictors of poor outcomes for PD (38) (39) (40) .
During a prolonged observation period (median, 13.8 years) in a prospective follow-up investigation study conducted by Eckardt et a (41) , only 40% of patients treated with a single round of PD remained in remission at 5 years. Many studies suggest and reccomend to use a graded dilator approach, given the good to excellent relief of symptoms in 50-93% of the treated patients (42) (43) (44) .
Using only subjective symptomatic scoring assessment to determine clinical remission is prone to errors in considering treatment insuccess. It is suggested strongly that manometry to be performed routinely before and after PD, and to use the registered parameters in guiding future therapeutic approach (44) .
Predictors of the best clinical outcomes after PD include: age older than 40 years, women, LES pressure after dilatation <10 mmHg and type II pattern by HRM (14, 23, 45, 46) .
One third of patients experience complications, most of them minor (chest pain, bleeding, aspiration pneumonia, fever, esophageal hematoma, mucosal tear) (47) . Esophageal perforation is the most serious one, occuring with an overall median rate of 1.9% in experienced hands.The rate is higher in elderly, when the first PD baloon diameter was 35 mm instead a 30 mm (47). The inability to keep the balloon in an appropriate position also seems to be a potential risk factor (47) .
GERD may occur after PD in a range of 15-35% of the patients and PPI therapy can improve their reflux-related symptoms (48) .
Overall, PD is the most cost-effective treatment for achalasia over a 5-10-year follow-up period (49, 50) .
Switch to Heller myotomoy is indicated if 3 consecutive pneumatic dilations have failed to induce a clinical and manometric remission (38) .
Heller Myotomy
The surgical procedure most widely used to treat achalasia is Heller myotomy, performed either thoracoscopic, laparoscopic or robotic. For an effective symptom relief, SAGES recommends that the length of the esophageal myotomy should be at least 4 cm on the esophagus and 1-2 cm on the stomach. The association of a fundoplication significantly reduced the development of GERD,which was the most frequently encountered side effect of the procedure (51, 52) . A recent meta-analysis by Campos et al proved that the symptoms of GERD improved significantly more after a laparoscopic (3086 patients) compared with the thoracoscopic approach (211 patients) (89.3% vs. 77.6, P=0.048) and when an antireflux procedure was added, without affecting the therapeutic success (31.5% vs. 8.8%) (53) . A recent multicenter randomized controlled trial comparing anterior Dor and posterior Toupet approach suggested that both provide similar control of reflux after LHM (57, 58) . In view of the absence of peristalsis in achalasia, partial fundoplication is preferred, as postoperative dysphagia is significantly higher after a Nissen fundoplication than after partial anterior approach (56) . LHM combined with a partial fundoplication is considered a safe operation with a low mortality rate (57) . The most common complication of LHM is perforation (6.3%) during the myotomy, usually repaired onsite, without clinical consequences (61) .
Clinical success rates are very high, with a mean success rate of 89% at a follow up of 35 months (51-53).
The patients who will mostly benefit from LHM are young men (<40 years), with a LES pressure greater than 30 mmHg and a straight, untortuous esophagus (61, 62) .
Patients with type II HRM achalasia pattern have the best outcome after LHM (63) . There is no difference in clinical success rates between PD and LHM for patients with types I and type II achalasia, but the type III pattern responds better to surgery than to PD, probably because of the more extensive proximal disruption of the esophageal muscle (63) .
As with other therapeutic options available, the rate drops to 65-85% after 5 years (64) .
Prior endoscopic treatment for achalasia may be associated with higher myotomy morbidity, but the literature is inconclusive. Several studies have reported higher intraoperative esophageal perforation rates during esophagomyotomy after prior endoscopic intervention (65) (66) (67) .
For example, Portale et al reported that patients who previously underwent Botox injection and PD had less successful outcome in LHM and increased risk of mucosal perforation, probably due to fibrosis at the GE junction (64, 65) .
In contrast, other authors reported no differences in complications rate or the degree of surgical difficulty, but similar outcomes after myotomy in patients with prior failed PD or Botulinum toxin injection (66, 67) . In fact, surgical complication rates are thought to be more dependent on surgeon experience and the incidence of previous esophageal surgery than on prior botulinum toxin injection or prior pneumatic dilatation (68) . In conclusion, LHM can be safley and efficiently performed after PD or Botox injections, but a careful approach by an experienced team is advisable.
In contrast, other studies found no association between preoperative endoscopic treatment and intraoperative perforations (58) , and some authors have reported no difference in the degree of surgical difficulty (62) . In addition, several authors have also reported similar patient outcomes after myotomy even after prior failed pneumatic dilation or Botulinum toxin injections Surgery after botulinum toxin injections has been suggested to be more difficult because of a marked fibrotic reaction that can develop at the gastroesophageal junction that obliterates surgical planes (62) (63) (64) (65) . Nevertheless, some authors have reported similar outcomes in this situation to those of a primary procedure (66) (67) (68) .
Recurrences after LHM can be treated with Botulinum toxin treatment with equal safety and efficiency as before myotomy. Most experts recommend avoidance of PD after failed myotomy due to increased perforation rate. Repeated myotomy may be superior to endoscopic treatment if performed by experienced surgeons but esophagectomy should also be considered in appropriately selected patients after myotomy failure (66, 67) .
In end-stage achalasia, characterized by the presence of a massively dilated and tortuous oesophagus (ussualy >6 cm), esophageal resection may be the unique remaining option. Evaney et al. reported one of the largest series of 93 patients who underwent oesophagectomy for end-stage achalasia. They stated that esophagectomy is the only therapeutic intervention to be performed, as the tortuosity will interfere with the esophageal emptying even after adequate myotomy (69) .
Both PD and LHM are effective treatment options for achalasia. Some studies showed a superiority of the surgery procedure in controlling symptoms and in symtopm-free duration, (68) . In line with these data, a romanian study retrospectivally compared the two methods in 112 patients and LHM was found to be superior regarding efficacy compared to PD both in the short-(1 year) (92% vs 80%) and long-term (5 years) (80% vs 64%). However, the limitations of these studies are either a low number of patients included, a short follow up period, or only subjective clinical scoring systems in considering treatment efficacy (68, 69) .
In 2011 Boeckstaens et al reported the results of the European Achalasia Trial, The first multicenter randomized controlled trial comparing PD with LHM combined with Dor fundoplication. Therapeutic success was defined as a reduction in the Eckardt symptom score below 4. The report proves similar and excellent outcomes over a 2-year follow-up with both PD and LHM in a study involving 201 achalasia patients (86% vs 90%).Although longer follow up is required, the authors concluded that LHM does not achieve superior rates of therapeutic success compared with PD as primary treatment for achalasia, at least after a mean follow up of 43 months, and, therefore, either one can be recommended as an initial therapy (15) .
The advantage of LHM over PD is given by the fact that is a single procedure with similar, or slightly longer relief on symptoms. The advantages of PD over LHM are given by the minimal pain associated, mild if any GERD, acceptability any age group and even during pregnancy, performance as an outpatient procedure and lower cost (61) (62) (63) .
Peroral Endoscopic Myotomy
Peroral endoscopic myotomy (POEM) is a relatively new technique that combines the endoscopic approach with principles of natural orifice transluminal endoscopic surgery to perform a myotomy (70) . The existing studies reported a high success rate (85-100%) even after several previous PD, but a high risk to develop GERD as no antireflux procedure is included (46%). Marano et al compared POEM with LHM in terms of efficacy and safety on 486 patients. The results showed no differences between POEM and LHM in reduction in Eckardt score, operative time, postoperative pain scores, analgesic requirements or complications. The length of hospital stay was higher in POEM group, and the GE reflux rate was lower in the LHM group. POEM represents a safe and efficacy procedure comparable to the safety profile of LHM for achalasia at a shortterm follow-up (71).
Sanaka et all compared the 3 available therapeutic options (PD, POEM, LHM) in 200 patients, using also manometric parameters for establishing the efficacy of each option, beside radiological markers and clinical subjective scores. At 2 mo post-treatment, there was significant improvement in basal LES pressure and LES-IRP in both LHM (40.5 mmHg vs 14.5 mmHg and 24 mmHg vs 7.1 mmHg respectively, P < 0.001) and POEM groups (38.7 mmHg vs 11.4 mmHg and 23.6 mmHg vs 6.6 mmHg respectively, P < 0.001). Moreover, LES-IRP at 2 mo decreased to less than 10 mmHg in 66/92 patients (71.7%) in LHM group, 19/26 patients (73.1%) in POEM group. PD was compared with POEM and LHM only based on the radiological markers at Barium Swallow. At 2 mo posttreatment, barium column height, width and volume remaining at 1 and 5 min improved significantly in all three treatment groups (P = 0.01 to P < 0.001) except the column height at 1 min in PD group (P = 0.11) The authors concluded that POEM, PD and LHM were all effective in improving esophageal function in achalasia at short-term, with no difference in efficacy between the three treatments (72) .
As for the other functional disorders in the Chicago classification, Botox injection and POEM have some arguments of being efficient and safe in patients with EGJ outflow obstruction, distal esophageal spasm or jackhammer esophagus but studies are limited and inconclusive. Treatment options for absent peristalsis are limited, as No pharmacological intervention can restore esophageal peristalsis. Fundoplication or gastric bypass surgery is absolutely contraindicated in the patients and should be avoided (8) .
HRM has also an important role in evaluating esophageal peristaltis prior to antireflux surgery, guiding the type of fundoplication to be performed in order to minimize the rate of dysphagia appearance. A partial fundoplication is indicated in cases of ineffective esophageal motility, an entity which is frequently associated with GERD.
Prior to antireflux surgery, esophageal pHmetry is highly recommended in all patients, and it is mandatory in those without obvious erosive-ulcerative reflux esophagitis. The identification and classification of patients with nonerosive reflux disease, hypersensitive esophagus or functional heartburn based on ph-analysis is helpful in deciding whether or not they would actually have a significant benefit after antireflux surgery. Thus, an antireflux surgery will have no benefit in patients with normal reflux episodes, even if their symptoms are associated (Hypersensitive esophagus) or not (Functional heartburn) with reflux episodes, but would clearly resolve symptoms in individuals with frequent symptoms, associated with a high number of reflux episodes and negative endoscopy (10) .
Conclusion
In conclusion, HRM is a very useful tool not only in diagnosing patients with functional disorders of the esophagus, but also in guiding therapy and quantifying the response to different treatment options. The identification of the three subtypes of achalasia with the technique has prognostic implication and may also guide Chirurgia, 113 (1), 2018 www.revistachirurgia.rothe first treatment option to be chosen. HRM combined with pH 24h-analysis and multichannel Impedance has a role in selecting patients for antireflux surgery and guides the type of intervention based on their peristaltic particularities.
